A new immunoaffinity technique for purifying anti-apolipoprotein CIII antibodies has been developed by isolating bands of apo C1112 from isoelectric focusing (lEE) gel. Total apo C was obtained from delipidated very-low-density lipoprotein by chromatography on Sephacryl S 200. Apo GIll2 was separated from the apo CII band by IEF on polyacrylamide gel with use of pH 4-6 ampholytes. After sonication of the band in distilled water and various different washes, we directly mixed with antiserum a suspension of apo C11l2bound to IEF-polyacrylamide gel.
Separation of different proteins according to their isoelec-
ti-ic point (p1) is an efficient way to obtain very pure proteins. Isoelectric focusing (IEF) has been used by several investigators to complete the separation of apolipoproteins (apo) that have been partly purified by other methods, e.g., ape CII and ape CIII (1).' Marcel et al. (2) also used the method to isolate ape CU and apo CIII from the whole apolipoprotein component of very-low-density lipoprotein (VLDL).
Here we describe a new affinity-based procedure for purifying antibodies from antiserum by using directly the band of protein isolated on the JEF gel. Because the purification of antibodies by immunoafilnity directly depends on the degree of purity of the antigen used, this technique allows one to obtain highly purified antibodies. Here we have applied this method to the purification of antibodies to ape Cm.
Materials and Methods

Antigen Preparations
VLDL were isolated from pooled sera of healthy human subjects (blood donors) by ultracentrifugation at a density of 1.006 kgfL. We then extracted the lipids from the VLDL with cold diethyl ether-ethanol (1/3 by vol) in 50-mL plastic INSERM U. 90 per liter. We then pipetted 100 ML of different dilutions of antiserum in PBS into the wells of a precoated plate. The covered plates were incubated for 2 h at 37 #{176}C, then washed three times with PBS-Tween. To assess the immunological reaction, we added to each well 100 p.L of 1000-fold diluted anti-IgG antiserum labeled with peroxidase (EC 1.11.1.7; Biosys BI 2418, Compiegne, France). After incubating the plates for 2 h at 37#{176}C, we washed them three times with PBS-Tween, then added 100 ML of substrate solution: 20 mg of ophenylenediamine and 10 ML of H202 (300 mLIL) in 10 mL of sodium citrate buffer (0.1 mol/L, pH 5.6). After 20 mm the reaction was stopped by adding to each well 50 ML of a 13 mmolIL solution of NaCN. The color that had developed was measured at 415 nm in a Dynatech micro-js reader (MR600; Dynatech, Paris, France). 
Isolation of Anti-Apo CIII Antibodies from Serum
Obtaining highly pure ape CHI. Total ape C (1 mg) obtained after gel filtration was focused on a gradient of pH 4-6 (Ampholines, LKB) in a polyacrylanude gel, as previously described (2, 8, 9) . To avoid contamination with ape CU, we stained the gel for protein and carefully cut out only the ape Cffl2 band. We washed the ape CIU2-containing gel band several times with PBS containing 5 mL of Tween 20 per liter until the absorbance of the supernate at 280 nm was less than 0.05(10).
This eliminated nonspecific binding of apolipoproteins that were fixed on the IEF gel during the staining, and also nonspecific binding of the ampholytes.
We then mixed the ape Cm2 band of the IEF gel with 2 mL of distilled water and sonicated it with the microtip at 
Results
Specificity
of the method. In all studies with the present method, we incubated 5 mL of IEF gel containing ape Cu2 (corresponding to approximately 4 mg of ape Cm2) with 5 mL of the rabbit antiserum to be purified. The supernate obtained after incubation and the eluates obtained as described in the Methods section were tested by ELISA for antibody titers directed against ape CII, ape CIII, and ape E (Table 1) .
More precisely
to document the differences of cross reactions with ape CU and ape E observed between serum before purification and the purified eluate containing anti-ape CIII antibodies, we tested serial dilutions of both fluids by the ELISA technique.
Two 25-mL eluates, corresponding to one purification procedure from 5 mL of rabbit antiserum, were pooled and concentrated to 5 mL so as to obtain the same volume as for the corresponding antiserum. This procedure allows us to obtain purified anti-ape Cifi antibodies selectively from whole antiserum containing numerous other antibodies (Figure 1) . 
Reproducibility
of method. The technique described above has been applied nine times under identical conditions. The results are summarized in Table 2 . Reproducibility was very good, as indicated by the ratio of the SEM to the mean values (e.g., the CV for the first eluate was 6.6%).
Discussion
The recovery of highly purified ape Cm2 by IEF in polyacrylamide gel with pH 4-6 Ampholines in turn allows successful purification of anti-ape Cifi antibodies by immunoafflnity.
However, several conditions must be met to prevent denaturation of antibodies during purification.
Firstly, antibodies
should be eluted at 4#{176}C, with the eluting solution also cooled to 4#{176}C, to minimize denaturation of the IgG (10). Secondly, the eluates should be concentrated, immediately after dialysis, to 5 mg/mL (10). Thirdly, when the IEF gel is being stained to locate precisely the bands of apolipeproteins, the gel should be in contact with the dye as briefly as possible because of the acidity of the staining solution. Destamning the IEF gel with acetic acid must be omitted, because a very acid pH denatures the apolipeprotein. Fourthly, once the gel has been placed in the staining solution, avoid any agitation so as to minimize contamination of ape CU!2 bands with other apolipeproteins that diffuse into the solution. The use of polyacrylamide gel beads materially decreases the cross contamination of the separated apolipeproteins (2, 9, 12, 13) . Finally, the use of ampholytes in the pH 4-6 range allows a better and easier separation of ape CU!2from the ape CU band. Although ampholytes are sometimes difficult to remove completely from these preparations, for many purposes the presence of traces of ampholyte has no practical consequence.
The present technique of antibody purification offers several advantages over other techniques (10, 11, 14, 15) . It is easy to perform and rapid, all operations being executed in tubes, with low-speed centrifugation to separate superrates and gel. One can directly obtain antibodies with a very high specificity by isofocusing (1, 8, 9 ). Although chromatography on diethylaminoethyl-cellulose is generally used for separating ape Cifi from ape CU (6), the ape C proteins so obtained are generally still contaminated, such that careful selection is necessary to obtain a pure product.
It is important to stress the difference between the heterogeneity of antibodies produced in the rabbit in vivo after injection of IEF gel, and the homogeneity of antibodies isolated in vitro by affinity with ape Cm2 isolated from the IEF gel. All three bands of ape Cm were used in the immunization of the rabbits, whereas only ape Cffl2 was used in the purification of the antibodies. Using only ampholytes in the pH 4-6 range in the latter procedure allowed better separation of ape Cm2 from ape CU than did the use of a mixture of ainpholytes with pH ranges 4-6 and 5-8, such as is used for preparation of total ape C. Finally, the nature of the reaction in vivo differs from that performed in vitro. We have used the present technique also to purify other apolipoproteins such as ape CII and ape E (data not shown).
Before labeling this purified anti-ape CU!antibodies with an enzyme by using glutaraldehyde or sodium periodate, exhaustive dialysis against PBS with membranes having a cutoff of 10000 Dais indispensable, to eliminate ampholytes as completely as possible.
